The water footprint (WF) of national consumption is an indicator that takes into account both the direct (domestic water use) and indirect (water required to produce the products consumed) water use of consumers within a country. This study quantifies the water footprint of national consumption in Poland on national and regional levels. It tracks the consumptive use of rainwater (green WF) and ground and surface water (blue WF), and water pollution (gray WF). The total WF of national consumption in Poland in the 2006-2011 period was 53.6 Gm 3 /yr (72% green, 10% blue, 18% gray). The average consumer in Poland had a WF of 1,400.5 m 3 /yr. Agricultural goods provided the largest contribution to the WF of the average consumer (1,241.4 m 3 /cap/yr), followed by industrial goods (145.6 m 3 /cap/yr), and finally domestic water use (13.5 m 3 /cap/yr). The assessment of the WF has formed a new interesting field for integrated geographical studies. It provides useful data for informing consumers about the environmental impacts of their lifestyle and consumption choices. In water policy, it can also create a basis for discussing water allocation and issues related to sustainable, equitable, and efficient water use.
Introduction
After years of debate, the interest in consumption-based environmental accounting significantly increased (Galli et al. 2012) . Numerous studies, regardless of the methodology used in them, quantify consumer emissions in order to demonstrate the RESEARCH NOTES environmental impacts of consumption (Nijdam et al. 2005; Weber & Matthews 2008; Davis & Caldeira 2010; Ewing et al. 2010; SEPA 2013) . There is the approach, where all emissions occurring along the chains of production and distribution are allocated to the final consumers of products. This approach is seen as providing several opportunities for policy and decision-making processes (Wiedmann 2009 ). This approach also allows for the inclusion into environmental accounts of all driving forces for emissions associated with consumption. It also provides a useful communication tool. Such a tool can be used to inform consumers of their direct and indirect emissions associated with their lifestyles and consumption choices. The consumption-based approach identifies hot spots and unsustainable consumption patterns. Thus, this approach forms the basis for formulating strategies on sustainable consumption and production at the national, regional, and local levels.
In response to the need for a consumption-based indicator of freshwater use, the water footprint concept was introduced (Hoekstra & Hung 2002; Hoekstra ed. 2003) . Introduced in the 1990s, the WF was developed similarly to the ecological footprint concept (Rees 1992; Wackernagel & Rees 1996; Wackernagel et al. 1997) . While the 'ecological footprint' quantifies the area needed to sustain people's living, the 'water footprint' indicates the water required to sustain a population. The water footprint concept forms a new interesting field for integrated geographical studies. It is a concept which intrinsically combines aspects of natural and social conditions. In water policy, the WF accounts form a basis for discussing water allocation and issues related to sustainable, equitable, and efficient water use (Aldaya et al. 2010; Hoekstra & Mekonnen 2012a) . The water footprint offers a wider perspective than traditionally used measures of water withdrawal. The actual water needs of people in relation to their consumption volume and pattern are described (Hoekstra & Chapagain 2007) . In conjunction with the ecological and carbon footprints, WF is seen as a complement to traditional analyses of human demand by linking the producer and consumer perspectives (Galli et al. 2012) . The European Union sees the potential of the WF as an operational tool of resource-efficient policy, as well as an indicator of ecosystem services connected with water quantity and quality (EC 2011; EP 2012) . The aforementioned aspects are a very prospective field for methodological and application studies in geography, and provide guidance and direction on research issues.
As an indicator of human pressure on the hydrosphere, the WF looks at both the direct and indirect consumer use of water. The water footprint of national consumption is defined as the total volume of fresh water that is used to produce the goods and services consumed by the inhabitants of a country (Hoekstra et al. 2011) . The water footprint can be presented as one aggregate number, but in fact, it is a multidimensional indicator of water use and shows different sorts of water consumption and pollution (Hoekstra et al. 2009 ). Three key water components are tracked in its calculation: the blue, green, and gray water footprint. The blue water footprint is related to the consumption of surface and ground water as a result of the production of a good. Consumption refers to the loss of water from the available ground-surface body of water in a catchment area, which takes place while water evaporates or is incorporated into a product. The green water footprint refers to the consumption of rainwater, stored in the soil as soil moisture, which is particularly relevant in crop production. The gray water footprint is related to water pollution and is defined as the volume of freshwater required to assimilate the load of pollutants based on existing ambient water quality standards (Hoekstra et al. 2011) .
The water footprint is closely linked to the concept of virtual water. The virtual water content of a product refers to the volume of water consumed or polluted for its production, and measured over its full production chain (Hoekstra et al. 2009 ). The concept of virtual water was introduced by Allan in the early 1990s. It is used as a tool to describe the 'virtual' water flows exported from a region as a result of the export of water-intensive commodities (Allan 1993 (Allan , 1994 .
Global studies on the water footprints of countries were carried out by Hoekstra and Hung (2002) , Chapagain and Hoekstra (2004) , and Mekonnen and Hoekstra (2011). For some countries, detailed national studies were developed covering different aspects of the water footprint (Guan & Hubacek 2007; Aldaya et al. 2008; Gupta 2008; Liu & Savenije 2008; Sonnenberg et al. 2009; van Oel et al. 2009; Verma et al. 2009; Bulsink et al. 2010; Yu et al. 2010; Feng et al. 2011; Destatis 2012; Vanham 2013a) . There also exist the first assessments of water footprints for the European Union (Steen-Olsen et al. 2012; Vanham & Bidoglio 2013; Vanham et al. 2013) , for river basins (Zeng et al. 2012; Vanham 2013b) , and for cities (Hoff et al. 2013) .
Research conducted in Poland in the field of water footprint accounting, is in the exploratory stages. To the best knowledge of the author, the only Polish work dedicated to the development of WF assessment in practice, is a study on the water footprint of regional consumption for the Wielkopolska region (Stępniewska 2012) . This is the first study that has focused on the quantification of the water footprint of consumption in Poland at the national level and the establishment of regional diversity. The total water footprint is seen as divided into direct and indirect components. Within each of the components, the assumed aim was to determine the blue, green, and gray components, taking into account water source and water pollution.
Material and Methods

Study area
From 2006 to 2011, the Polish population consisted of 38.3 million people living in an area of 312.7 thousand km 2 . The regional diversity of the water footprint of national consumption was divided into 16 voivodeships, and examined. The total WF of consumption was divided between different voivodeships based on population statistics. In the period from 2006 to 2011, the most populated regions in the country were the Mazowieckie (5.2 million people), Śląskie (4.6 million people), Wielkopolskie (3.4 million people), and Małopolskie (3.3 million people) voivodeships.
Accounting framework
This paper (like most of the existing WF studies) is based on the approach developed by the Water Footprint Network (Hoekstra et al. 2011) .
The total water footprint of national consumption (WF cons , in m 3 /yr) is calculated by adding the direct water footprint of consumers to two indirect water footprint components: The direct water footprint of national consumption (WF cons,dir ) refers to the consumption and pollution of water related to the domestic water supply. The indirect water footprint of consumers (WF cons,indir ) refers to the water usage by others to make the consumed commodities, with the agricultural and industrial commodities differentiated.
An overview of data sources used for WF accounting is given in Table 1 . The source materials are a combination of statistics and data from the literature.
Direct water footprint
The blue water footprint within the country that is related to domestic water supply, is estimated assuming that 10% of water withdrawals is the actual consumption (blue water footprint) (Mekonnen & Hoekstra 2011). The remaining fraction (return flow to the catchment) is the non-consumptive part of water withdrawals and as such, it is not part of the water footprint.
Geographia Polonica 2015, 88, 3, pp. 503-514 The part of the return flow, which is disposed of into the environment without prior treatment, is taken as a measure of the gray water footprint. The amount of raw sewage is estimated on the basis of the population not served by sewage treatment plants and the average domestic water consumption per inhabitant in individual voivodeships.
Indirect water footprint
The total water footprint of the consumption of agricultural products [WF cons,indir (agricultural commodities) ] is calculated by multiplying the set of agricultural products consumed within the country by the respective water footprints of their products: • oil from oil crops -soya bean oil, ground nut oil, sunflower seed oil, rape and mustard oil, palm oil; • sweeteners -sugar (raw equivalent); • coffee, tea, cocoa beans; • beverages -beer, wine.
The water footprint of the consumption of industrial products can be calculated in a similar manner as was earlier described for agricultural products. However, there are numerous categories of industrial products with varying production methods. Detailed standardised statistics related to the production and consumption of these products are hard to find. For this reason, the study was based on the data about the blue and gray water footprints of the industrial product consumption per capita in Poland, presented by Mekkonen and Hoekstra (2011) . The mentioned global study contains national water footprint accounts carried out in the configuration of states in a high-spatial resolution. The international trade of products was taken into account. For industrial commodities, the authors calculated the water footprint of national consumption as the water footprint of industrial processes taking place within the nation, plus the import virtual water related to the imports of industrial commodities minus export virtual water. The national average water footprint per dollar of industrial product was calculated per country by dividing the total national water footprint in the industrial sector by the value added in the industrial sector. In the case of exported products, the authors adopted voivodeships. Against the background of the country, the voivodeships were characterised by the highest number of residents discharging wastewater into the environment without prior treatment (a total of 6.7 million).
Indirect water use: Water footprint of the consumption of agriculture and industrial products
The total water footprint of the agricultural product consumption in Poland in the period from 2006 to 2011 was 47.5 Gm 3 /yr (82% green, 9% blue, 9% gray). The water footprint due to the consumption of agricultural products can be specified into product categories (Tab. 2). Consumption of livestock products gives the largest contribution to the total WF of the agricultural product consumption (56%), followed by cereals (21%), and coffee, tea, and cocoa beans (6%). The remainder of the footprint is related to other agricultural products (17%).
In the territorial division, the highest value of the total WF of the agricultural product consumption from 2006 to 2011, was found in the Mazowieckie (6.5 Gm Table 4 . The analysis was based on the results of the global water footprint study by Mekonnen and Hoekstra (2011) . This study contains the more comprehensive and upto-date data on the WF of nations, covering a several-year-long research period. As the same method and assumptions are applied in this study, it is possible to directly compare the results. /capita/ year; as a result, Poland ranked 25th among the member states. There are no results of research for the European Union which cover a later period; however, this research shows that the total WF for Poland decreased slightly (by less than 0.5%) over the next fiveyear period. However, significant changes in its structure occurred. An increase in the number of people using water treatment 
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Geographia Polonica 2015, 88, 3, pp. 503-514 plants was accompanied by a decrease in the gray WF by more than 1/5. At the same time, there was an over two-fold increase in the blue WF. The water footprint of national consumption depends on the volume of consumption, the consumption pattern, and the water footprints of the consumed commodities (Hoekstra & Chapagain 2007) . The latter depend on the production conditions in the places of origin of individual commodities. Products available for purchase within a country gen-erally come from different places, and having different production circumstances are characterised by different WFs. In this study, global averages of the WFs for each product were used. Further research should include the specification of products consumed in Poland according to places of origins. This will determine the WFs of consumed products with greater precision. It will also enable us to identify how much of the impact of WF on national consumption is located in the country and how much abroad. Many countries have a significantly externalised water footprint (Hoekstra & Mekonnen 2012b) . The result is their dependency on water resources from elsewhere, which can cause potential water stress -water depletion or pollutionin the producing countries.
As an aggregated indicator, WF shows the total water requirement of inhabitants. Water footprint is an approximate measure of the impact of human consumption on the water environment. However, some practical limitations and challenges associated with WF assessment should be borne in mind. The critical issues are data availability, and more reliability. It should also be noted, that the gray WF calculation relies heavily on assumptions and estimations. In contrast to the blue and green water concepts, the gray WF is not an indicator of water use, but an indicator of water pollution. Some authors suggest that the expression of the environmental impact of water pollution by turning water quality into water quantity results in the loss of important information. This is because such factors as ecotoxicity and biodegradability of individual pollutants, are ignored (Hastings & Pegram 2012) . In this paper, the size of the gray WF of national consumption is expressed in terms of the sewage disposed of into the environment without prior treatment. It should be seen as a very conservative calculation, with a potentially underestimated value. Generally, one cubic meter of wastewater should not count for one, as it pollutes many more cubic meters of water after disposal (Hoekstra & Chapagain 2007) . Another approach involves estimating water volumes required to assimilate the load of different types of pollutants, e.g. nitrogen or phosphorus, as in the Liu et al. study (2012) . However, depending on the considered pollutant, the quality of data, and adopted water quality standards, the gray WF can differ considerably. For these reasons, the gray WF methodology needs to be further developed and standardised (Thaler et al. 2012 ).
Conclusions
The study shows the effect of consumption on water requirement in Poland. The results indicate the dominant role of indirect water use -fresh water consumption and pollution 'behind' products being consumed by inhabitants. In my paper, it was found that the consumption of agricultural products, particularly of livestock products and cereals, contributes the most to the total water footprint of Poland. The direct use of water is only a small part of the total fresh water use. These results confirm the potential of water footprint accounts to supplement the traditional approach, based only on the water-withdrawal indicators. With the release of both direct and indirect water pressures associated with consumption, a useful tool is provided for informing consumers of all environmental impacts of the consumer consumption choices. The results may also provide a basis for discussing water allocation and issues related to sustainable, equitable, and efficient water use at the national and regional levels. Key limitations and challenges with the use of this approach to individual objectives, include data availability, and more reliability as well as dealing with methodological difficulties in calculating the gray water footprint. 
